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i,l 1=

¢ propose of this project was to design, develop and deliver
taree X-band mgn-power amplifier ch2ins for use in an 2irborne. nigh resolution
redar  Each chain. comprised of two Ampliiron crossed-field amplifiers

(QKS1243/QKS12:24

of
300 k:lowatts at a gain of 27 db. The crhains comply with the technical require-

menis set forin in SCL-7001/88A (amended).

} and a fer -ite iselator, produces 2 pezk power cutput of

1.2 The QKS1243/12£2 development program was began 15 July 1943
and was cempicted on 20 Szptember, 1954.




2.1 The QKS1223/324: ampiiiier chain, develcpea and delivered by

Pavtheon Company for 2 high resoluzion radar, is shown in Figure 1  Cperansg

2t a band center freguency of 3500 Mc. 1ts ovtput stage. the QKS1243 Arplizron.
operates in either of txo modes. In one mode. it produces 2 power output of

50C xilowaits 2t 0. 0012 duty cycle 2nd. in the cther. it yvields 256 kilowatis at
0.90028 Guiy cycle. The tubes are cathede puised and opsrate at 2 norminal eificiency

near 50%.

2.2  Indeveloping the Amplitron tubes, some earlier sxperience was
uszd. but most facets of the tube designs were new. During the pregram
engincering efforts were expended in developing new slox wave retworks. 2 rew
i window, suitabie air cooling fin geometries 2nd 1n over-zli ~uggedization of the

tube 10 meet the vibration conditions.

2.3 The chain test srogram included, as design tests, z 300kour life
test and operational vibraticn tests. For the former. 150hours of operation at
the 500 Klowatt operating point was followed by 150 hours at the 250 kilowatt
{nigher cduty cycle) levei. The life test was accomplisted without change of the
chain ckaracteristics excest for 2 slight sower droop dunag the first fifey hours.
¥ibration testing to MIL -=.5400 Spacificatiors was performed with 2 chain operaiing

under full power conditions ané was witnessed by the U.S. Army represerntatives.

2 4 Complete electrical acceptance tesis were periormmed for. and
witnessed by. the U.S. Army on all three chains delirered. These tests included
power cutput ant phasc versus frequency. efficiency 2rd ghase sensitivity te variz-
ticns of pulse curren:.  Zach of the three chains was demonsirated 10 be in fil
compliance with the specificaticns. Thaal the gain. barndwidth. power ouipul and
cificiency reguirements were satisfied is shown by Figures 2 through <. per-

formante curves for each of the chains.
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2.3 1n ine discuss:on and interpreiation of the test resuils . is shown
.t tac meesused pazse sens:tivities of the amplificr ck2ains arc better TRAT IROS
wb.ch would br obtained from 2 TWHT of equal gain.  This improvement is by 2
factor of 2 mith respect to voltage and 2 factor of 13 with resprci to current. ks
21s.» shosn that the linsar compornezni of poxer output {=hick is ine predominam

component) has little effect upon sysierm 7Esponsc.

2.6 Inihe concluding seciion recommendations are macde which =hen
implemented 233 *ional chains. will result in more efficient and lighter

components.
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2.9 GENERAL THE

IZORY CF THE aMPLITRON

2.1 Amplitron tubes are characterized dy 2 reentrant eieciron stream

der:ved from 2 continvously amitting cylin€rical cethede. The ske2th of elecireas,

- P

so formed, 2cting under the infleence of 2 racdial éec eleciric field 2n€ 2n axal

maganetic field rotatss 2bout the t2thode 2nd interacts witk {ringing rf fields from
2 slow-wave networX. The generalized slow-wave structure showr ia Figure 54
couid represen: the intercigita’ structzre common (o the backwaré-wave osciliator,
the loacded waveguide siructure of 2 high power traveling-wave tthe or the vane
strucicre of an Amplitron. These circuits 2are 21 similer in the sense that an
electron beam passing adjacent t2 the circuit szes regions of rf field only detwzen
the circuit eiementis.while 2long the metallic rloment scriace the tangenti
compornent of the =f feld is zero. Trese circuits are z!so bandpess filiers which
will transmit oty 2 particeiar band of fregueccies bounded by radian cutoff
frequencies © and € _,- A2 2 specific frecuency, the rf Selc éistribution “seen™
by the eleciron siream mighi b2 25 shown in Figure 3 2t x given instant of time.
By the standard metheds of Feourier an2lysis, such 2 waveform cax be considered
20 b2 the sum of 2a infirite aumbder of sinusoidal terms of form E‘ si= 3_p-
Thus, every freguency hzs associated with it an infianity of terms (waves) cf
amplitvde -’_-:m *nd phase shift B, Tacians/cell. A plot of the various S over 2l

irequencies in the pass band of the circcit resclis

n 2 mmost useful diagram
called the -3 diagram (see Figure §). The branch of this diagram from 20 b
Tepreseats ail the fundament2! terms of the Fourier series: the segment from
b to ¢ represesnts the s¢coné erms, eic- ranches other i the fandamental
2re termed spece barmonics, 2ad il is clear t the higher zarmonics zre weak
in ampliteée. Thus, =& resirict ourselves 10 the fundamental 214 the fi-st space
karmoaic for practical usage. For aay circeit, in 2ctu2l practice, oze may
oblzin the u~B diagram by 2 measurement of the dhase skhift par cell as a funciion
of frequency. This yields all points on the funcame=ntal branck. The space
karmonic branches aTte than mirror imzges of the preceding sranch $9 that they
Te 2lso determined from the one measuremeni. A simple way of odtaining the
dat2 is to resonaie 2 section of the circailt in 2 half wavelengih mode. The

phass shift per cell is then = radians diciced by the number of celis in the circwis.
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Having oblaineC the w-p éiagram, =2 make use of it by considering

the slope of 2 position vector atl any frequency of interesi. This sio wrdis,
by definition, the velilily 2t which the wave appears to be traveiing along the
circuit 1o an observer in ie inlteractiion space. Thaus, for example, ihe lowest

iendamental phase velocity occurs 2t lower cutoff w_ ., while at w_ > the phas<.
- \

velccity goes to infinity. The space harmonic waves always iravel more siowiy.

The velocity of energy ransport 2long the circxit is, by definition,
cuwféd, i.=., the siope of the characteristic itself a2t any point. Notica that in

the {irst harmonic dranch the phase velocity and the energy {growp) veior:l; a1

both positive while for the fundamental branch they have opposite signs. Prysically.
this means that td the eiectrons the fundamental waves 23prar 12 dDe trave.ing dDacx-

=ards with respect to the direction in shick energy is ackvally flowing. Tre circait
represeated by this diagram, thereiore, is termed 2 backward-wave circuil. A

bacxward-wave circuit aimays aa2s 2 forwaré-wavs space harmonic.

From our simple measurement, then, we have a restlt whick telis us
wnether our circuit is forxard-wave or backwxaré-wavwe and =hat the phase an
group velocities are on the circuit at 2ay frecuency in the pass band. Whatl we
weuid iike 10 €0 naxt is to represent an the same Giagram the variots w2ves

=hich can exis? in the cleciron siream. Then we coulé se2 21 2 zlance There
amplification wouic take place since, for any microwave iibe, the odject of the
game 1s i0 cause the beam waves and the circuit waves to propagale with cqual,
or near egual, velocities.

—

n the reentrant cleciron siream, many waves fan exisi. They have
2

5

t=o basic requirements: (i} there musi b an exciting force to set them op, and

{2), since they always re-enter upon themscelves, (he sam of the phase shif‘es

cxpcric:zceé auring 2 single Transit around the inleraction space must de an
nmtegral multiple of 2= radians. The exciiation force is derived from the =f

x-oltages on ithe circuit so that t2¢ cleciron stream waves are sirong ox=iy nea

b |

a2 point where the Team characieristic crosses the circull characteristic.

Because of the reentrazcy condition, the beam waves can occur oniy at phases




=a2:lsfying the reguirement that the totz! phase shift in one transit e Zmm radi-

n frequency, waves sre possible for whichn =1,2,3..... aad
these can de reprzsented by vertical {consiant phase) lines on the «-3 diagram,
2s shown Dy Figere §B. Tx2 crossover phases will be determined from the

relation.

(S-x)B2 = 2=
where S = the number of network cells in the circuit,

w
[}}
I
A}
[t

lengih of the Srift section detween input and output.

2

. = the length (pitch) of one section, and

"

n = any integer

By rewriting this reiaticn in the form

G=rp

it may be seen that the more sections IS) are used in 2 given tube the smaller the
spaciag between the vertical iines will de, or in other words, more spxce charge
w2ves will be possibie over 2 given range of 8 values. These vertical lines, which
Tepresent the waves on the clectron siream, ave calledspacc-cimrge modes. The n
aumber of the space-charge mode corresponds to the number of spoxes of space
charge. As for the sircuil waves, the velocity of the spice-charge wave is given
by the slops of the position vecior. Since the velocity for a fixed magaetic iieic

is a function of ke voltage, onc may sce 2t 2 glance the relative operating voitage
in the vicinity of any crossover point, the point of maximum interaciion between

the circuiil and the space-chargs mode.

To amplify ir the vicinity of any cro.sover frequency, of drive at
that irequency must be supplied to excite the space-charge mode, and the proper
vcltage must be 2ppiled tu the tude 10 correspond to the velocity regairements of

tnat particular space-charge mode. EZnergy ex-hange then takes place. I the

regquency departs from the crossover frequency, it is obvicus that the - -iarcity

- 13 -




of the circuit wave beings to diifer from that of the space-charge waves, makirg

interacticn more éifficait, but, if the ri drive power is great enough, 2 wide band
i frequencies c2n be amplified without losing control of the space charge. This
is the Amplitron principle - inieraction between 2 single space charge mode ard
the circuit. The band center frequency, of course, corresponds to the crossov
frequency. Because of the re-entrancy requirsments on the space-charge waves,
it i5 seen that the velocity of the -pace charge waves, and thus the opsraung
voltage of the tube, mmst vary directly with the applied frequency. This situation
exists whether or not we are using 2 forward-wave circuit or 2 backward-wave

circuit.

4.2 Xuch useful éesign information can be derived from computations

of characteristic voltage. magnetic field and power ouipui. Relations for these

follow=:
s [eaa\2 2
o Characteristic Yolage ¥_ =2.56 x 107 (ix_ 2. 51 (n
p
¢ Characteristic Magnetic Field B_ = 21200 (23
= (%) ]

- 8 =
% Characteristic Power P = 23.6x 10 {0.9) %

3 £ (—da
T h @) o

where d2 = 2node diameier in inches,

the space charge mode pumber,

]
1]

A = the operating wavelength in centimeiers,

dc = the cathode diameter in inches, a2nd

o
"

the active anode length in inches.

1 Dzrnivasuons of Yo, Po. and Bo can b2 found in Collins, Microwave Maanztrons,

McGraw-Hill, 1938, p. 416.




4.3 The operating voltage. in terms of operating magnenic f-ld.

¥ 5
—T-: zr'] t2)
o o

<.3 It can b2 shown that the efficiency obtzinable from a gaven
crossed-field tube is intimately related to the ratio B[Bo. Hence, or= can
seiect 2 BIE}o ratio correspording to the desired efficiency 2s 2 starting point
for the design. Then, through the specified voltage 2ad equation 4, other param-
eters ¢an be chosen. A guide 1o the relation between BIBo and cfficiency is
given by the empirical curve of Figure 7.

<£.5 Bandwicth capabilitics are indicated by reference te Figure 6.
if one Geparls irom the dand center (crossover frequencyj in either direction.
eventually there will be sufficient velocity slip between the space-charge waves
2nd the circuit waves to shift interaction from the derired space-chzrge mode
to an adjacert mode. The transition will b¢ accompznied by voltage 2nd current
discontinuities and, therefore. must be avoided by restriction o the design
mode. If the aumber of sections (S + k) is small, bandwidth capability will be
ircreased since the £ separation o3 the space-charge modes will increase. For
2 given vaiue of (S + k). greater circuit bandwidth will lead to greater operating
bandwidth because of the consequent reduction of the absolute velocity siip at 2
given frequency. By combinations of these methods. tp to 25% bandwidth has
been obtained in practice. The tecnnigue must ke csed with cavtion, howcever,
since increasces of bandwidth are necessarily cecupled with reguctions of ga:n

capabiiity for 2 given type of slow-wave network.

4.5 Examinaticn of the ckaracteristics of a large numbder of
differing Amplitron types icads to the approximatien that avout 10 6d of gain
will be obtained at 3.5 Po [characterisiic power) 2nd that 17 10 16 & can de
obtzined near Po.

4.7 3By udicious sclection of the design parameters, we can
Teasonably well determine in advance the expested voltage, efficiency. power

cutput, gain and handwidih of a preposed tude.
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53 1 1 Tre outpul stag~ o1 ine twe-siage ampiifier. shoxn 1n
15 des:gnateé as QKS1223  Tre driver siage. des:ignated the DESI2324,
in Figure 9 Toese two Amplitron tubes wiih 2 Rayin-on IXH22 ferrite &

ferm 1 twO-sizge amplifller snown pictorially in Figure ! and in block diagram

aptied with 2 1 kilowatt {peakj rf ..aput signal

=iil produce a2n ouvigut power of SC0 Eilowaits at . 0012 duty factor or 23U A1

. 0028 duiy factor. Tne bandwidtn 13 150 Mc minimum. cexnlered at 2500
nit greater bandwidin capaZiiity is avariable from the design.  boin stages employ
integral permanent magnets. are (2hode-pulsed and use forced 2ir cooling. The

waveguide inpui 2nd output on cacs tobe is furnished in RG-51/U waveguide

{(3/8" x 1-1/4") ard tre waveguid= flanges mate with cover flange type UG-517U.

5.1 3 Tne two-stage amglificr nas beer designed to operate 2t altitudes

30, £C8 fest under tae temperature conditions spec:fied for Class I squipment in
MIL-E.3462. Tne Jigh voitage busaings requirs pressurization.  Tac tede chain

nas heen tasted uncerp nperating canditions to the vibratian .—fqni rments of

Mii-Z-3%00.

5.1. 3 Altnorgh ine specified munimum ove r-aii eificiency of tne chain
13 $9% tne acival abserved efficicncies are nomnnaliy 30%.
i e=

eniire chain con:prising twe tubes plus isolator. is £5.

approximaiely 5 1b is feas:ibiz.
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3 L5

Zlectrical

Peak Power Output
Dray Cycle

Prlse Width

Efficiency

Center Freguency
instantanecus Bandwidth
RE Drive

Phase Lincarity . . .

Amplituée Flainess

Thase Sensitivity

Coeration |

302 kw (mind)
0.CCis

2.0 us

20% {min)
9500 Mc

150 Mc (min)

1 k= {max)

For reference purposes the major electrical and mechanical

spzrcaficaiions of SCL-700 1/35A, which the tube chains had to satisfy, are giver

Operation Ii

250 k= {min)
& 0028
Z.0ps

40% (min)
2509 MNic

150 Mc {min)
1 k= (max)

The phase versus {requercy characteristic
=il be t2ken 2s the summation of 2 linear
componeni. 2 first-order sinusoical compe-
nent and higher order compornents. 1ke

first order compoz=nt ¥ b2 nc greater than
one-half cycle over the reguired freguency
bard, and its amplitede must be less than

26 degrees. iSgher order compcomenis must
have amplitedes less than 2. Cdogrees. Stated
mathematically, the recuirement is

S basinncw

B, .=b u ¢
Wy hd £
n
where B(_,) is the steady-si2ie phase char-
o - -
acteristic
s= 2=f

b°= 2 consiant
o




Megnanical

Tempr rature - Alitude per MIL-Z-35200. Class i
Covling forced a:ir

Snwch per MIiL-E-5200
Yib-ziton per MIL-E£-5260. Class i

3.2 Develcpment cf the QES1243

3.2.3% Design Parameters

5.2.1.1 Tze fin2l parameters for the interactiion space design of the

QKS1243 2r¢ presented in Table I belows.
Table I

QKS12:3 Design Parameters

Band center freguency. fo 2600 Mc
Number of actiwe network sections, S 18

Drift seciion lengin (in network pitches)k 2

Netwerk pitch, p 0. 0772 in.
Space charge mode number, 2 8

Anode diameier. da 0. 292 in.
Cathode diameter, dc 0 289 in.
Oharacteristic voltage. ¥ 531G volis
Characteristic magnstic ficld. Bo 1252 gauss
Characteristic power. Pe 371 kw
Approximate B/Bo ratio 3.28
Operaing vollage 36.5kV
Interaction space length. n 0.615 in.

5.2.2 Tac Pnasc Frequensy Charactierisiic of tae Slow-Wave Circuit

5.2.2.1 The proper phasc {reGuency characteristic for the QRS1243
«2s determined through «ompanson of the not and cold test resalts of several tbes.
> J— =
A firal design. represented by cluster® 220 wnich was used mn tube £F {chain £3) s

documented by Tigures 11 aad 12, Figurc 11 snoxs a resonance plot sieained by

2. A cluster :s an slow wave circull assembly csmprised of vanes  straps and end
covers

A
L]
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tzrmineting tne waveguide of 2 standard reflectometer with 2 cylinder containing

tne cluster assembly. The cluster assembly is inserted witn the free. or floating.
sirad «losest to tne moutn of tnr waveguide and with the dr:ifi space adjacent to one

of ine narrox =z2ils of the warsguide. The piot 1s useful 2s a control for elecincally
duplicating & setisfactory assemble. Figure 12 shows the phase shift per section
versus freguency characterisiic oblained by me.surement of sianding wav*s on

the slox wave netiork. Tnis method gives trus chase shift but is time consuming.

«lio= ‘:::._-_..cc: tme tm o ~n b 2o is 31’,“:""3 - emaTmInae:

P » - - - - s > - pd
Snin lorre etk ds tained oy examination oi B2t les

e L

prrformance data. the mesonance plot method is more accurate for additional

assemblies.

5.2.3 Network Maiching

5.2.3.1 2Mfaiching of the slowxw wave structure to th: vniform wave-
guides was accomplished in the usual fashion using ramps and two-wire trans-
mission lines. [ata representative of the final design (obt2ined from QKSL243
£G-Chamn £2) are shown in Figure 13. These data shox the input reflection co-
cfficient =hen the output of the Amplitron is terminated by 2 matched lozd and
therefore mclude the lumped effects of the input and output transducer mismatches

5.2.4% Soectrai Power Distribution

5.2.4.1 In 2dditiox to achieving the best possible match over the
des:ired optrating bend to secure good paase-{requency linearity. it is 2lso desirable
to match the :mpedance of the slow wave network all the way to the lower cutoff
frequency. This reguirerment can conflict with oblz2ining 2n optimum maich in the
sequired band.  If the match cold de made ideal. i.e., network maiched every-
where, the Amplitron would produce essentially no spurious powxer. This is
because most Amplitron spuricus signals are generated during the rise and fall
times of the mudulating pulse when *he space charge is synchronous with the lower
freguency civou? waves. in practice, however, an ideal maich cannoi be attained,
although : some Amplitron types it has been agproached. ln the case of the
QKS3i213 and QKS)122% e best possidle maich was obtzined within the given time
and furcing. primarily comccutrauing on the in-band match. The results were
adeguate. as determineé by measurement of the spectral signature of a2 complete
chain.  These data 27¢ shown in Figure 13, 1t is expected that in additiomal tubes

the speciras level can 2 reduced to -35db in all regions and to -30 db in most

- 25 -
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5.2.3 RF Windows

5.2.5.1 An improved rf window design was developed specifically
for the QKS1243/1244 program. A pillbox design, the window is simple
mechanically and easiiy fabricated. An rf match typical of the design 15 given in
Figure 7 Midwiy in the p-cgram. it was found that welding the window to the tube
body sumet ' mzs resulted in frequency regions of abnormally hich inserticn loss.

Conseguently, the windows of 21 tubes shipped were brazad ¢ the wbe body

3.2.6 Cold Cathode Operation

35.2.6.1 Cold cathode operation of the Q¥S1i243 was anticipated from
the beginning and was, in 2ll instances, completely successfrl and free from jitter.
Therefore, these tubes were supplied with only 2 single birding post connection for
the high voliage lead. To avoid any problems of jong range sagging of the cantilever

mownied cathode, vertical mounting of the tube's input bushing was recemmended.

5.2.7 Cooling Analysis

5.2.7.1 The QKSi243 Amplitron was regquired to have 2 forced-zir
cooled anode, and had to meet the reguirements of MIL-E-5300 for Class I equip-
ment 10 &n altitude of 40, 060 fcet. The cooling 2ir temperature at that altitede
is nominally 31°C ans intermiztently up 10 47°C. & was assumed that for satis-
factory cooling. the hor spoi on the ¢xternal surizce of the tube wouid have to te
less than 125°C. The hot spot on the internal sucface of the anode weuid have to

. s =n® o <30, .
icss than 430 C for the 31 C amtient temperature.

5.2.7.2 Tike maximuem arode dissipation was 2ssumed tc be
1050 watts (700 watts output 2t 46%= efficiency). It was sssumed that the hoitest
vane is located in the worsi pssition for cooling {2diacen: to the drift vane) and
that its dissipation must be 1=ice the averzge for 21! 28 vanes. It was further
assumed that 89% of its dissipation is uniformiy distributed over the center 0.35
inches of the vane fice. For the fin design. it was assumed that dissipation in

the general arez of the worst vane would b2 1.5 times the average.
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EITU 53.2.7.3 The design which was analv=zed and used in the tubes was

° defined by Raytheon drawings -

“::/f’; B626933-1, A627470-2, A626352-0. A526883-0, A623423-1, A623442-1,
j A826939-1. B626935-4. B627121-2, B527122-2, BH27i23-2. A623433-3

Lt Thnis design snown in the outline drawing »f Figure lo. is rezsonably

S opiim:ized but improvemments csuid be meade xith additional ¢ifert.  The fin geomietry -
r1tn regand to thick. ess, spacing and size cannot be significantiy improved. Reduc-
‘ tion of the fin spacing would increase air flow reésistanse too -  ch: reduction of the
. fin thickness would decrease fin effectiveness tGo muckh; increasing the fin size
wouid »iso decrease fin effectiven2ss too much. The uie of int2rruption tabs in the
a:r flow path would increase flow resisiance, but might result in 2 net improvement

in cooling with careful design.

5.2.7.2 A change that wculd zid cooling efiiciency from

tw
view would te to increase the number of fins {rom the present 23 1o 27 by increasing

the anode height. With this change, it would 2isc be desirable to increase the
N spacing between fins, since it is now difficult to prevent solder from bridging the
\ '9 fins. Going 1o £7 from 24 fins, a2s 2n example, would reduce 2ir flow require-

ments by 10% and presscre drop by 26%.

5.2.7.5 Computations of 2ir flox and total ancde pressure drop -
reguirements wzre made. The results 2re given in Table if for both sea-level 4

and 10, 000 fee:, with the corresponding inlet &ir t#~ ~~ratures a< giver in MIL-E-

, 5200. EBecause the highest dissipation is assumes o2 near the waveguide side .
of the anode, the results are different for the two possible air flow directions.

The positive direction of 2ir flow is defired as supplied irom the reciangular fin -

s entrance a2ngd extausted at the waveguice end of the fins.
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v~

iniet temprrature O 33 51 33 3i
Mess flow rate, 19fmen. 3.9 3.¢c . 3.8 2.3
Iniet density, lbfﬁ3 0. 007 20137 0. 357 9 9137
Inlct flow rate, CFM 5 225 37 i&8
Anode pressurz Grop. 1.8 3.0 1.1 3.8

inches of H,0

5.2.7.5 Ik is a2ssumned that z2ir will be supplied at the 2bove pressurss
ard temperatures {rom 2 general 217 supply o the 2ircrafl.  The air bhicwer st
be placed downsiream to pull a:s through the fins smc2 the dissipation and t»mpoera-
iure rise cue 1o the Siower will be too high to alice cooling a1r to be suppiied from
ikz blower. The negative air flow direciion is most logical, both mechamicaily
and thermally. for exhaust Blower cocling .  Filtering of the inlet air is recomm-
meanced, if possidle

3.2.7. he worst pericrmance point for the Blower {2t oomizal

condinzgns) 1s a2t maximmem aluitnde.  With the 2bore exhaust biower arrangement,
s s c ic 200 iz e s
the tulk temperatmse rise tircugh the anode is 83 C at 2iiitede, and the dicwer

£ a: S e a3 2 - s fed
must move 203 CF2 of air {reated by the anode) 2t 2 dens:iy of 8. 0113 1L 2z2inst

v
i+
I\

s s . . — . . o -
2c of 3.3 inckes of H,0. The blower inlet is 91 C. and the cuilet may be as

= 3 = N . - -0 . .
5.2.7.8 At txe imtermittent ccndition of 37 C inlet 2ir temperature.
2 blomer just meenng the above peint will 211 off atowmt 3% in mass flow ras. Tk
- - \J - o=
anode het sp= temperatures will be wincreased 2bont 207 C. and the bjower injer

temperatures will be aboat 111°C 2nd e suule: 2s high as 175°C.




3.2.7 9% The CGiobs YAX-3 53-LC ‘aneaxizl blomer wili suifice for
1ne LXS12:3 Amplitrm. Ta.sca.iissizgnth unde-sized {oroperationa: $9%efficien . -ad a2

- - hud - - D - .
f.tvahemaltlude tnp2node tompeTature A 2uld be about 207C hotter tnanwiinine des.on

Sox . Sime ine acael efficiency is 30%ine recommended Blonerisentirely 2deguate.

3 2.7 13 Anode cooling in this design 1s of 2 nature described oy
£liv leceloped laminar flow {limiting Xusseit number). As such. cooling with the
2bowe blomer =1l greaily improve 25 akitede is reduced. 25 2 result of high mass
flos. even for a bigh-sBp motor. This type of motor is desired for this applica-
t.0n because 1t 2llcss the blower sp2ed te drop off 2s it is more heavily loaded at

lo=z aliitvde,. redocing moior power consumption.

5.2.8 High Voltage Boshinz Design

5.2.8.1 Because operation of the amplifier xain 2t 2 £0. 000 fox
alutede was 2 des:gn regmiremsnt. voltage breakdo=n testing was begunearly In
the program. Using 2 boshing formerly used successinlly in the QRS365 Amplitron’
mod:{ications were incorporaied 1o render it less prone tobreakicanat a given voltage.
The resulits of tests on this tushing €es:gn 2re shown in Figure 14 with 2 more or
Icss 1deal curve ¥ included for comparisen.  kdicazted also is the cperating

gradisnt reguired if 2 bushing of the original length were 10 be nsed.

5.2.8.2 Scine etforts were expended in testing trial geomeiries
=hich mught increcase the breakdosn potentals. notably the use of corenz shicids
and rounded edges where possible.  These eifcits were nk saccessivl. The
alternztive was 10 increase the bushing leagth to provide the reguired operation
=1th 2 reasonzbls safety f2ctor. This, Zowever, wenld reguire 2 tushing & inches

in Ieagth. 2 length incompatidle with the vibratiom regoirements.

5.2.8.3 One a2hernative design investigated is shown in the X-ray
photogzaph of Figore 18, Scrrounding the bashing is 2 metailic shelj flled with
material of high dicleciric strength.  From the 10p of the shell 2 fiying lead is
bromgin ort. 206 the shicld of the flying le2d is honded (o the shell. The grounded

<onstruciicn was used becaase in earlier potting experiments 1t was fonnd that

3 DA35-039-SC-53331

¥ From dzta in "Slecirenics”. Mallmen and Seely. McGraw-381. 1921, pz. 295
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corona difiicultzes wouid br encounierssd unless 2 path to ground was provided. A
measure of suceess w2s attained with the design of Figure 18, yet it was a2bandonwd

for the following reasons.

{2) Alr bubdies occluded in the polting compound resuited in
dieieciric breakdoan and consecuent failure. Tkis prodiem
could have been solved by improvemnent of the poiting t2chrnigue.

(b} No connector was commercially available to conpect the flying
lezg to the pulse transiormer.

{c) The potting and mmet2llic grounding reguired to prevent corona
increased the 2-K capacitance from 11.5 to 82 pf. Although
the Jatier couid have bsen reduced in the final design. there

would 2lways be 2 large c2pacitance.
5.2.8. % 3Based upon the above resuits, it appsared that tix dest
2pproach to the voli2ge brezkdo=r probiem weald b2 to partially pressurize the

izput bushing. Accardingly. further efiorts at potting were droppec.

5.2.92 Design for Vibration

32 91 Three sensitive areas exist to which attention must be paid
in achieving a vibration-proof tube design.  First, since 2 twbe is usually supported
irom bolts which pass through the germanent magne:, it is desirable to have 2
fcer-point cornection with each point remcved from the tube axis 2s far as possible
and equally spaced in actimuth. This s~heme was adopied {or the low power stage
{QxKS1243). However a different design was available for the QKS1243 from the
prototyps Amplitren.  This design (see Figure 3) provides t=o bolis passing
through the magnet for primary support. Auxiliary support to 2 surface co-planar
with the edge of the magnet and parzllel to the plane of the bolts is 21so regquired.

-36-




5.2.9 2 The second ars2 of importance concerns the minimization
of relative monlion betweern the anode assembly and the megnet and the waveguice
flanges with respact to the magre:. A technique which 2ids in the latter a2nd 2t the
same iime prevents deformation of the waveguide due to physical handling is the
provision of short supporting struts between tne fiange and the magnet.  These
struts are bracted 16 the waveguide and project into holes in the magnet, where
they are szcured with epoxy. The same epoxy {Bigg's £450) nsed 2o ot 2he two
holes in the magrnet which encioses the tubs body keeps the latrter rigid with respect
to the magnet. In use, additioral supports between the waveguride flanges and the

equipment frame will be reguired.

5.2.9.3 Trke thizd are2 of importance, whick recuired consicderable
engincering, =as the deveicpmert of 2 cantilever cathode design which wonld with-
stand the reguired vibraticn. The iritial design. from the QKS335 Amplitrorn.
showed mechanical resonances 2t 115 cvcles ané a2t 180 cycles. A number of
changes were required to achieve a design good to 500 cycles. These were
guided Ty the general principle of ottaining 2 geometrical cone of taprred mass.
in the end the design was completely changea mechanically. Severzl joints,
which were previcusly welded, were changed to brazed joints. The test of the

final design skowT in Figure 17 was rescnance-iree vp to 830 cycles.

informaticn for each of the QKSIiZ43 tubes txiit Gurirg the program.
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.492 .280 .616 20.3 hrs 2t 260°C

Bakeout Cetter Oatgas
8 hrs 21 £30°C at 1.0 Yolt Disposiiion
ar 430°C 10 2mp  Failed - Windon Weld
280°C 10 2mp  Scrapped
280°C 10.5 2amp Life test
280°C 10.1 amp Failed - Window Weld
17 brs 2t 260°C 10.0 2mp Chain £2
19.3 &rs 2t 250°C 10.1 2amp Crain £3
10.0 amp Chain £4

5.3 Developmen? of the QKS1223 Amvlitron

5.3.1 Desien Pavrameters

Tesented in Table IV »e

TABLE IV

lox

QxS1244 DESIGN PARAMETERS

Band Center Frequexncy. io

Namber of active network sections. S
Drift s=ction length (in network pitches). X

Network pitch. p

Space charge mode number. n»

Anode diamneter, G2

Cathode diameter, dc

- 33 -

5.3.1.1 The fin2] parameters for the interaction space design cf the
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inte raction space lengibh, h 0 282 in

5.3.2

Phase Freguency Characteristics of the Slox Wawve Circuit

5.3.2.1 The methods of achieving and reproducing 2 proper paase
shift characieristic were 1dentical to thosz used for the higher powxered stage.
For record paurposes Figure 2P showxs the resorance plot for ciuster 17 {used in

QXSi12:2 £3) ané Figure 21 shows the results of detailed ghess shift measurements
5.3.3 Maiching

5.3.3.1 Mazching of the slow wave circuit to uniform waveguide was
accomplished by means of tapers from uniform guide to double -ridged waveguide,
inence vid paraiiel pienes 1o the network straps. A representative matck (obtained
from QKS12:4 21 - Chain £3} is shown in Figure 22. Improvements of this match

can b made as additionai tubes ate buuill.

5.3.3.2 During the development of the QKS12:2 preblems were
caused by a drift section resonance which was very weakly coupicd to the inpul
saveguide but stroangly coupled to the space-charge. The result of this resonance
insofar as cold test was concerned was 2 very narrox band mismatch near 93C0 Xic
with an amplitede 2s low as 23% input reileciion for 2 matched output. Yet, 2t hos
test. power =ould be generated 2t ks freguency and little of it wotld be propagated

te the ouniprut. The end result was low gain and low efficiency.
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5.3.3.3 In overcoming the problem < large number of experiments
were required.  These were described in the inte.iin reports. In the end, a cure
wes devised whereby 2 strap-like member was bridged across the drift section te

cdecouple the resonance from the space charge.
3.3.4 RF Window

5.3.4.1 The -f windows used for the QKS1244 Amplitron are identical

1o those developed for the QKS1243.

5.3.5 Cecld Cathode Cperation

-3.5.1 At the outset it had been expected that cold cathode opera-
tion of the QKS12:2 would be achievable. During the course of the program,
however, it became evident that such operation, although germerzily successful,
wocuid not b reliable 2nough to te specified. The problem relates 10 the relatively
low peak r{drive power availzble ard 1o the low back-bLombardment power being
f23 1o tue cathode structure. Because of the jatter, any accidentai application of
overvoltage ic the tube (as for example, might result from a trigger misalignment)
resuils in 3 cordition wherety the cathede cuickly becomes poisoned. To over-
corme s possitility, it was necessary o specifr 19 watts of heater power to

eansurc that the poisoning phenomence would not easily iake place.

5.3. Cocling Azalysis

5.3.5.1 The QX5i224 Amplit: on, like the QKS1243, was to mmeet the
requirements of MiL-E-3400 for Class 1 eguipment, but to 2n altitude of 20, GOD
feet. & zssumed that for satisfactory cooling the hot spot ca the external surface

of the anode must be less than 125°C and tae hot spot on the internal surface of

the anode must be less than £50°C, for the 31°C air temperature. The total

dissipation 2t the anode was assumeé to be 84 watts {56 watts output at 30%

efficiency. )

Details of the internal znods structure were no: considered, because
1t was known that with asual construction the internal anode copper hot spot would

be much less than 450°C




33 62 Tace exiernzl design of the tebe consists of a 1 172 i,

diameter 2anode cyhin€e r braraC into 2 piece of 1 1/4 oy 5/8 :nck coppe r wavegaide,

w:th 1 1o inch wall thackness., and of 6 inch iength  The whole assembly is

surrounded oy 2 Soai magnet tarough which the two waveguide ends protruce.

5.3 £ 3 Preliminary computations indicated that natural cooling

means were nadegquate, it ithat the waveguide had sufficient cenduciance so ihat

115 surface can be used for heat exchange by forced convection &k was dzcided

irat the magnet De used 2s a plenum chamber with 2ir bring supnlied by tlower or

ucting frem an 2:r supply throungh rcles in the magnet The air would cxhaus:

i,

s

arough four finned neat exchange sections on the waveguide 21 the op2rings 1n the

d

agnet The finned sections wosld be brazed or soldered onie the wide su-face

of the waveguide as shown by Figure ¢

5.3.6. %2 The fin copper thickness represenis &z comrpromise beiween
:n cffectivensss and zir flow resistance  The fin spacing represents 2 compromise
bhetween cociing and dust collection; if the 2ir were cican a moder. tely larger

mumber of cor rugations could be wsed.

Compriations were made of required total air flow and resultizg
total pressure drop for the finned sections  The least effective design {12
corrugalions) was assumed for these commpriations. & was 2lso assumed that
pressure ioss al the bicwer entrance through the magnet wouid be sma2ll {reguiring
2 cross-seciion of 2t lcast 2 smmare .nches) and that air leakage out of the magnst
{other than through the fins) wonld be negligible. A bicwer found te be suitabie

was the Aximax 3 =itk 387JS motor. A2 10,009 fee: ahtitude nis was compated to

just meet the requirements (42 CFM 0 60 b/min . 0.7 H,0). =hile cooling 21

vwer 2ititedes was slightly in excess of requirements.




2 35,3 An Aximex 3 with 300 35S mastor would nrevide beiter codline

cuer ihe muli aliziede renge. bt uses siightly morse power {iess siip) az low 2luted
An Ax.mex 2 zith 39575 molor s moderately undersized over the full altiinde renge

and may b adtguate :f the anode diss:ip2iion is less than 8% waus.

5.3.7.1 NXo prodiems wre encoxniered in preparing the QXSI22L
fur vibration.  The newly Ces:gned permanent magoel was de=l-shaped (ses
F:gure 23) 10 provide a four-joint mounting arrangement. Toe si€es of the bowis
®ere made to encluse and supperi the 1oput and coutpel waveggides., A firm dond

Deiween the tube and the magnet was assured by ike use of epoxy arcund the input

¢

hing base, the exhaus: end of the tude and the two waveguides 25 the v passed

through the magnet. The cathede, shich is smaller and shorter than that of the

R

KS51243. posed no design probiems.

2.3.8 QxS12:% Tubes

3 3.8 1 Table ¥V preseonts pectinent inform2tion {or cack of the
QXS:233 tubses :ilt during the program
Tanle ¥

QXS12:22 Contruclion Bata

Cetter
Tube Nec. ca dc h_ Bakcost izas Disgmsiion
A J263 151 2<% 18 hirs 21 450°C 1.2 volts 5 Samps  Scrap
A-l L2835 L1606 .23 § a: $2T Scrad
A-2 L 2 LG 230 is. 3 21 200 Scras
3 - 2563 8.5 2t 330 Scrap
B-1 253 8 at 358 Scrap
3-2 .25% Szrap
B-3 -263 Scraz
(o4 254 182 230 3 3 at 230 Szrap
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TABLE ¥V {Ccentinuezd)

Tude No.  da2 dc - Bakeour Ouxigas Disposificn
C-1  .28% 349 .235  6hrs a1 230°C Scrap
c-2  .2¢% 128 250 Scrap
D . 202 .1p2  _25C Scrap
D-3 253 173 289 Scrap
E .23 i77 .25 Scrap
=-i 298 VYT .280 18 21 259 1.6 - 4.5 Chain £3
T .290 178 250 8.5 at 230 Scrap
G .290 . 1ds 280 15. 0 at 50 2.0 Chain £2
#H .2%0 177 . 286 3.5 2t £50 %.8 Life Test
1 .290 - ¥78 .280 23 2t 3560 <3 Crain £2

5.¢ Ckzin Performance

5.2.1 Test Facilides

5.2.1.1 Four iest modul2tors were used 21 various times curing
the ORS1223/1244 program. Three were line type modnlators and one was 2
2ard tube modulatos.  The test 2re2 is fllustrated by Figare 2% Tke line modula-
1ors were used 10 cperale 2 special 1 kw magnetraon 2t 2.3 s, the QKS1242 at
2.2 g5 and the QKS1223 21 2.0 s 21! from 2 common, delayed trigger generaior.
The ha:d tebe moculaior provided the means of processing beth 2 QKS1243 ard 2
QRS12:2 simultenesasiy. For vibration itesting the three line type modulators
were mowved iMo the enviroumentai test laboratory. In the mzix test are2 2 screen
room was availabdle within whick spectral power measarements were made with 2
Polarad TR receiver.
5.%£.1.2 Fnase measurements vere made using 2 cooventicnal ware-
guide loop techzigoe as shown by Figure 23 Drificully was experienced with
crossguide couplers in that the phase of the oxipat wave éid not track from one
zoupier 1o the next of the samme type.  The problem is exemplified by the data of
Figere 25 | 1n which the thase difference between the cotput arm of one coupier
2nd the ortoot arm of 2 sumilar coupler has been platied as a function of fregrency
The wmability of these couplers 10 track plus vrer lesser factors whizh coniribxie
to calibration curse deviation {rom lineariy. resalts in ; candition where callbra-
20m errors arc of the same order of magnitnde 25 the phase difierences bring

measured.  Aldhough the daita presenied far the tude chains show cleariy that they

- <8 -
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FREQUENCY - €c .
FIGURE 26  DIFFERENCE BETWEEN THE PHASE vs FREQUENCY

CGRVES OF 30 ¢b COUPLERS 52U3 AND 24
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meet the sprco:fications, 1t is believed that many of the 2pparent rariations are
:Hus:ons caused by the test selup.  Ancther source of error in the phase linearity
me asurements was caused by long term line variations and thermail érifz. Through
the phase sensitivity of the tubes such long term variations can produce the illus:on
of phase variations that do not exist.  Thus, it is expecied that the system
response under actual conditions will be beiter than that predicted from the test
data.

(V1]
a

v
"

Vibration Tests

5.4.2.1 As explained in the tube development sections auxiliary
support :s necessary for the tubes in the following areas before they will endure

vibration successiully:

{2) The wavegride flanges
{b) In a planc parallel to that waich includes the moumting bolts

of the QKS1223.

5.£.2.2 The 2bove recommendations were determined experimentaliy.
Because they were not wholly anticipated when the vibration test fixture was {irst
orocured, the fixture became rather awkwasd. Nevertkeless, Figures 27 through
31 show:ing several views of the test Gxture. illusiratc the generai types of
auxihary supports regrived. Figure 27 shows an over-all view of the iest setap

inckeding the following:

() The moduixtors and clectrical controls

(b} The vibratien test console

{c) The tubes and vibration fixture

(d) A strote light for visual odservation of the vibration

fc} A scope displayving the rectified rf output pulse.




Figure 27
QKS1223/ 1254 Vibraiicn Test Sewup

Figure I3
Tlan View - Vibration Test Fixture




Figure 29
Vibration Setup - Side 1

Figers 30
Vipration Setup - Side 2




Figure 31
Vibration Setup - Siée 3

Figure 32

Vibration Setup - Side £




~ $.2.3 Deiails of the mount are in Figure 23, 2 plan view of in
L lallo » o osang
{27 The rf:input by means of 2 coaxial-waveguide adapter

(b) A clamp on the rf input flange

{c) A clamp on the interstage isolator which in this setup had
e
to be adjacent to the QKSj23:4

{d) Waveguide fiange supports on both ends of the QKS1243

{e) Auxiliary support for the QKS1243 to prevent vibration in
the direction of the QKS1234 waveguide run. (Se¢ Figure 30.)
Figures . through : show a2dditional views of all four sides of the vibration test
fixture proceeding in 2 clockwise direction. These indicate how the rastricted
area of the main vibration plate prevented simple support of the QXS1243 by a
surface bearning against the magnet and forced the rather awkward support actually

used.

5.4.2.4 With the tube chan operating under rated conditions vibra-
tion tests were performed 2t 10 g to 500 cycles per the requirement of MiL-E-53060.
These tests performed :n each of three muteally perpendicular planes were wholly
successful in that no resenances were 2pparent under the strobe light and no
amplitude oscillations were appareat in the rectified rf pulse. Calibration of the
scope in db was made possible by the inclusion of 2 calibrated attenuator in the ¢!

line.
5.4.3 Life Test

5.4.3 1 As required in the contract, on¢ tube chair was life tested
for 306 acars, 130 hours urnder the lowx duty cycle conditions and 150 hours under
the high duty cycle conditions. Tubes QKS1233 £C and QKS1242 2H were selected
for this purpose.  Although li.s taw.nwas operable under standard conditions,

1 ¢.. at the same operating point as for those tubes shipped. the chain was lox in

5 For freedom of mnteraction between the arious magnet ficlds waveguide runs of
1.7 inch and 4.0 inches are recommended between the isolator and the QRS1243
and QKS1243, respectively.




power oulpui. The low power outpui, however, with normal power input was feit

to yield & more scvire and thus more fruitfi;] life test because of the greater anode
£issipation.

5.4.3.2 No prodlems were encountered during the test.  The tubes
were tesied both telure and after the 306-hcur period to check for a change in the
upper mode boundary. It was found to be unchang=d. The only change observed
was i the power output which declired 6% over the first 40 heurs 2@ thereafter
remamned reasonably constant. Such a decline during the initial pericd of life is
commonly observed in high power tubes and in no way indicates a short lifetime
in Figure 33 the power output variation with time is shown with a compilation of

the corditions of operation.

5.4.4 ©Phase Sensitivity

5.4£.4.1 The technical reguirements called for the amglifier chamns
to have nc more than 2 1.5 degree phase variation for 2 1. 0 percent variation of

tulse power. Acwal testing to this specification was not possible because:

(z2) the amplifier chain was made cf two tubes and an isolator.
Each tube was operated from its own pulse modulator and
power supply. Therziore there was nec convenient way to
vary tae pulse power input to the two tubes simeltancously

in 2 controlled fashion.

{(b) two terminal cressed-field amplifiers are more amenadic
to testing in terms of current variations because of their

biased diode type of V-1 characteristic.

5.4.4.2 A relationship between the phasce sensitivity to current and

that to pulse power can be derived 2s {oilows

A% = Vdi

"

idv

4P_ di . 4V
-1 ° WV
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IS 67 _ 2z da _ avi 1] [ai
- - - Zs 1 idIJ iV B
o a® & ., . zel

2 Tz
B ) where i=currem

Zs = static imoedance = V¥/i

ot

Zé =dynamic imnpadance = éV/d

Modalator power = ¥ i

) The ratio l'z% is =220.1 for Ampliirons. The power s2riztion in
terms of 2 1.0 parcen: current variation is
% =1.0 {lé 0 !] =1.10
. Therefore 889 = {1.1) {1.3) - 1.65 degrees.
T

5.4.42.3 3Be-2use the AAmplitron curreats couid not be varied
simuliancously and in synchronism. the worst pessible spacification irzerpretation
w2s used, tnat is that the phase variationsof each tube would add algebraically. In
other words_ the reguirement was accegpied that the sum of the phase variations of
the QXS12:3 and the QKS1223 be i2ss than 155 degreec for 2 1 percent changs of

Amplitron currens.

5.4 £ 2 Measurerments of phasc were made with the phase loop previously
described. Using this tecknigue the relationship between phase shift 34 and the
shift of minimum pasition &x, 1s

: 28x P
Ad = =— x 350

}
14

in the test S x was mcasured by means of 2 micrometer. For thess measuremenis

3din terms of Ax was very clese 20 0. 5 degrces per thousandth.




=

et values »f e meiien e phase faitor were 25 {olloxs-

g(\k) 44/ Ax {1n degrees pec thozs2andias)
9325 €. 284

<500 €
9573 0. 195

Tabie ¥ for ine tnree cn2irs Celivered, N:oxmbers 2, - 4.
Table ¥3I

Results of the Phase Seositiviiy Tests

3.2 2.5 Resulis of tne pnase sensitivity me2surements 2.¢ given in

Cnaiz ] Freg. | Qxs1242 QxuSizas Toral

Mc -0Gizdu 0228 G -00i2de  _0028¢du | .00lfcéu .OG2S co

LT T Y
de W v

o301 C.
0

425 G. 18 -515
.50 0. 51 1.01

£2 0.3= 0.72 31.65

23 9325 6.615 Q. 1¢ 0.803 i
22 1.0 0.52 .33

£2 0.55 ¢. 38 .52 i.39

£3 500 -2 0.72 .32 0. 25 0.87 0.28

3 0.31 1.05 9.22 0.33 1.23 .35

Wi e 8.
e W v
&
(V]
e
&
e
=)
Q
1
-
w
[~]
L]
0
Q
Q
’
o)
ite
Sunld
1
']

)

2
£3  |oaas 0.695 0.22 0.913
#3 0 71 2.515 9.35 0. 35 oo 10.755
!
Average 675 | .58 .$13 .33% 1. 10

-60 _




ne presr scnstlivilty of 2 TWHT can b cxpressed 2s

_\.esase-‘:;‘—

=ncre €15 inctotzl elecirical lengtn in degrees and is equal to

350 imes ine number oI bram wavelengins N.

For comparnson, =we sn2ail posiuizte tn2t for an Amplizr

AV . —_ . . .
A5 :=90.2 o - and see {1751 xnetne T Or not tne measured da2t2 01t tais relziion-

sup and secondly aom ine Amplitron’s sersitivity would compare wia nat of 2

comperable TWT.

3.2.3.2 3Beczuse ine Ampiitron oses 2 backxard-ware circrit., ine
number of bram wavrelengins can be large wnen ine slex -zave circuit is 2ctualiv
sas-t.  For example, in tne QKSI243. 1ne circuil iengin is 2. 0 wavwelengths,

wne rezs inese 2re & bran; wavelengths.,  Toese numbers are obtained using e

£ . SEBeTr
aclation of ..ec!.o:: L. 0,, 5.:}:051 = C s warelengins = 350 . D2am
sarclength zn = 50 . wners 3 is ine poase =3ifl 1 band cexterT.

Toe quarntity {z - 83} is et wxich is ilkestitaied in Figuees 12 and L 1.
-~ ©
35

'

or taz DHSI243, from Figere 1o (= - 530_:) =

)"I-n
"

¥

Q
11
-
w




3.%5.3.3 ZReiercing 10 tne t2ble of results tne QKS1223 onzse sensilivity

awverages 2re 0,873 for tne . 0012 duty cycie and 0. 578 {or ine nign Euiy cycle for

3
<« mran vaive »f (827  Simaiarly tne mean of tne QRS1242 2verage vaives of (213
ard 232 :s (223 We snall check e £22 of tnese in our postulated relation First,
~OREVET K¢ RISnH 10 CXPIess pRASC sensilivilty in term of current.  For the

Ampirtron

d1 3
T 5!

dr _ 3 fev
i ’z(v

Now 1ze grasc seasuwivuy formulae become

TWT AMPLITRON

20=030 37 2s-0.28 3%

Apz=0 22

-l

A5=0.062 & %‘.




Y.} Lt
Calculat=d Measured
QKS12:3 6 575 3 827
QXSi2z22 T 352 2 22
OKS432 0 233 S 270
QHS123¢ 9 30 C. 363
QRSH22 6.0z 0 239
0H551 0.2s5¢8 0 390

Troese data indicate 1223 use of oL reiationsnips (2) =will pr=dict
Ampliiron pa2sc sensitivily wiimin 2 factor of two  E may. therefore. e most

usefal 1z sysiem planning or. 2s =xill Le scen. for comparisen.

5.4 3 4 R is of interest 10 compare ne paase seasitivity of
QES123:. 1242 ampl.fier chainioacompareble TWT At X-band . TW T wxnth27dbgainkas
apprus.mmatel; 1S iram=aveciengths &Is phasc sepsilivity to soliage and current ¢ zanges

of 1 0 porcent 2re sno=n briox

Voltage Variation Currert ¥ariation
TWT e = 13 0
Amplitra 10 8 1.95

Improvement Factlor
{Amgplit-onover THT) 2 13

3.3 5 Pnasc Lincariiy of 2 Disprrsive Amplifice

Tae slow-wave network of an Amplitron is esually dispersise & ¢ |
tne group velocity '.-z 15 ot egur2l lo tne phase welogity v in toe freguency band of
interest.  However. 11s paase-frequency cnmaracterisiies can usuallv be 20p-ox: -

mated by 2 stragat line of form o = 9° 5w Because tnere aas beer same

<

The gr:dded TH § nas a sensilivity to curren. inthe orderof 32208 1 0 =—
3 wiren

224 thus ikt Amdliiron/ TRT improvement factor xo=id be only &
campared 10 2 gridded tube




is 15 invesiigated in

e j
m ctl=g | sere "
EE
jsiﬁ) 2o
azd 2 metwork witn tranzfer funclion Aluie =nere Afu) = e a3
Bi{u) = 90 * b uJ1ine output signal will be:
o j { £ o £28 3w
N i (=2} o o
{2) G :__;: .( s(u)_z_‘_’ Py cu
-

|
"
o
‘ol
[+
‘

Eguatien (3) states hat the outpat signal =ill be a replica of 1ne inpe? signal excep?
2
trat it =ill be delayed by time b .20d 2mpiified 5y tne consiamt factor —° skifted

in phase by the constam amoun: @

() °=6_ ¢ b
éo _ .
ol g
1 = the tme delay of transported encrgy in
- _ Z
‘Cagll: L = ‘.:_—-
£

". S Goldman, McGrawx Hilll

See "Fregquency Anmalysis. Mod:lation and Noise™
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Trnos<. 2 €1$Drrsive NEROTR witn iincar pnase aiil provids Sistoriion free t-ans-

mussion and pu-e tume {encrgy) Celay even thougn tne pnaseime dela

1s & fencuon of frequency

(Y1)
e
-

Ampolitede ané FPhasce ¥Verses Freouency

5.4.7.! During the program great intcrest was indicated in the
2tta:inmrent of 2 linear phase - frequency characteristic. Hence the daia measured
on eack «f tne 3 delivered chains 2re reproduced nerein.  These datz appear as
plots of sta~ding wave munima versus {requency  They are easily intempreted
since to 2 fi.st approximalion 6. 002 incres is ecual to 1.0 degree.  The plois.
Figures 31 th.wsgh 32, show in most cases hiscarity within § degrees. Orly
in 2 few instances =2s the oxirz latitude permitted for 2 nalf cycle sinusoidal

cormponent wtilized

5.%2.7.2 Tregphasclovpcabibrationcurve. (Sce Figure fd)when2ppiied tothe
unccrrecied phase curves tends to siraighten them cutl and makes the results
Better.  Tet. 1n spite of tne satisfactory sesulis it is bel>.ed that the Tadar
system resgonse will I even better because long term measurement errors due
te voltage drift ard thermal drift will not be present 27 the errors inherent in
an X-tand slotted Line measuren. 2t of standing wave minima wxili be eliminated.
We say ims >rcause analysis of the Ampiitron indicaies consideradly smaller
snase varialions tnen taose actually observed. Howewer. in 2oy case. ioe plasc
ben2avior of the three cn2ins delivered is ungrestionably good.
3.2.7 3 Trhe outxt amplitede versus freguency characieristic of
2 QRS123371222 ammphifier cz2in can be expecied o be grite flat witn 2 downmard
Iincar trend 25 freguenxy inxreases.  Powmer ociput verses frequency characier~
1stics for crains £3 2nd #4 are plotied on an cxpanded scale in Figores ! and 42
Trese :llusiraze that tne vanabie component is basiczlly lincar. Tze plots show
that whereas the totz] deviation irom puse flatness 1s 21 worst only 0 39 db.
tne cyclic components have a peak-1o-peak amplitcde of only 0.08db Taesec

22 ware oblzined 21 consiaz? s=iting of 2 line-type modulater. the oxnly warizbie

being rfdrive ireguency
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35 PHASE vs FREQUENCY QXS12u3/12kM C(CHAIK #3
{zacorrected)




PHASE = MIC, READING

830

gg0

wm

FiesRe 37

9.5 9.7
FREQUERCY - 6¢ S3%%

PHASE VS FREQUENCY {Xo:2u371244 CHAINR
{uncorrectiesd)

W
W




Du = .00I8
320

880

880 /

PHASE = MIC, READING

820',

8001 l
9.5 9.6 o.7

FREQUENCY - €c £33557

FIGURE 38 PHASE vs FREQUEKCY OQKSI243/1244 CHAIN §M
{uncorrected)

- 70 -




Du = .0028

300

280 /|
J4

260 / /

20 pd

220 /

PHASE - MIC, READING

ol

a5 3.6 3.7

F1GURE 32 PHASE vs FREQUEHCY QXS12u3/1244 CHAIN #k
{uncorrectcd)

- 71 -




JAYND HOILOINYUOD 4007 3SVHd Or 34N9 14

00gve9 oD = AONINDIY.
9°'6 09'8 £9°'6 .
. . .
ey o™
Capon | g Q
7lll: 5
/ \ . l‘“llll.' , o .“J
o I

—




SLLVM = INdLNO HAKOJ AOVUIAY
g g g E 8 g & n

\ J .7 1" &
« JUT— m J— & //- !\\ihe.x .
Mw& mm /, \\m“ k““ \\\
- =5 —HS 77 %0
JURT] Hie
= M..._m /4 &
- o wm Tm o faoummssanes wrs o o v g cunny \.!.l.o...l\a o e o w m
- 34 o
b | BE mm_ \ ydva n\ w8 _
2o \ bl woal W
' »w o
- - o
go1 . Gy &
™
S R S mmx
AU SUUUE NNV ), # " -
\ %3
ol
\n\ .J
-9
SLLYM = LNALNO YIMOd ADVHAAY

et gt . - N .’ ’ . ' . - «




N~ \S\\\\ R ;
360 \ NG L L
: Qh\ \<’- PEAX 10 PEAX DIVIATION:
R\ T

820 TOTAL DIVIATION FRIM

} \
FLATHESS = 0.35 c¢b i \ AN ;
R N B XN
|

//)r

/

../
4

AVERAGE POWER OUTPUT = WATTS
A
\ 4
i\
i
aa
5

A
7
/

820 T~

|~

|

S0)F—— TGTAL DEVIATIOR FROM
FLATRESS = 0.2i od

!
:
760 !
a.s
FREQUTHLY - €¢ st
TICURE 2 AVERACE POMER OUTPUT vs FRIQUENCY

GXSI1243/12%8  RPLIFIER CHAIN 3%
{IXPINDED SCALE)
- 74 -




£ the Effect of Linear Ampli, 2de Ya-.210n

38 Con<idcraiion o

N1
I‘l
).

5.2.8.1 Co!cman has a2nalyzed.using paired echo itheory. ihe lox

. N 2o .
pass case of 2 oetwork having 2n amplitede function Alw) = 5 f 23 cos c . By
extending his analys:s 10 the bandpass c2se we need nol resir.ci vurselves o he
corditions of an even amplitedes funciion and an odi phase foncnion.  We are

{ Sl

irec to investizate the inleresiing case for which.

< zlsiacu

1)

shere v ={u -x V=2 {F-{ ,

The respease GR) of 2 nztwork having tke amp

{1) 10 » r=2l inpmt expressed 25 K {C-|.) € F ] is fer ot as fcilows

7 loc cit

~}

Wy
)

stude and phise funxlions



(2
M
[V

3) ¢ = l = ! 3 - j
BIgi: 2 Gk-b ) # =3 Git-b *c}- -3 G(‘—.-o-c))

Tke rcal ovtpz=t is then

3t \‘ _ -

{6} R, Gh)e )‘ = GI(:) cos &2 - GQ(:) sin ut

an2 thos the amplitcde of the response is !5(:)]

“w B *s % %1 .12 25 %1 1
) GWw=—5-G- 78t 3% *i|7 %* 7 % 7 %]

where GX and GQ refer 10 the in phase and guadrature CcommpoTEnls




1
2, 2 2
)-Z—GQl:’boéC}+ —)—GQ(Z—‘CO-C)
21 ai <
(:-bolé + G -3 fc)- 5 G. &t -5 -«

We now 2pproximate the acinal lincar powmer varialion br i portionof a
sine curve. s 2pDroxT2licn oCCurs 25 ¢ becomes very small and 2, grows
En the limit the pasred echos of (8) =iil cancel éne 10 their opposing polaritics 2nd
the omiput =il b distoruon frze We conclude trerefors that the presence 9 2
mode rale limear wv2riziicn of pxise amplitnds m2y br neglected.
5 2 8 2 Folloxing the above 2n2ivsis. bt assuming a cosine {even?

amapiitede variation oo the plse, e rescit becomes

’lo 2, a 2
& | -5 & - 2 — G {1 -b ¢ & = - - <k
= 2 GQ £ 4 b ) > > CQ { bo (‘ 3 GQ .t bo C:s

Tais is a case wlhich wocld br of iterest when examining the
tehavior of a device exhibiting a2l or 3 &b bandwidih acress the pulss such as 2
kiysiron ampleficr. #Here however, Drcause of the like poluritics the paired eckors
will “'ways 28d.

5328 3 Inthe rmeasured 1€st daiz of Figures £1 and 42 the =orsy
amplituce deviatrom from hocarity was £ 8.63 db.  This deviation of itsell =il
resull in 2 timme <idelcle lexel of only -32.8db




6 1 The QXS12:3/124% orogram was successiuily coaciuded by the
+iive oy >f tnree ampihfier chzins 2fter demonsiration of complete compliance

=1tk the specifications

Zest cn2:ins are expedled to prowiéd mest satisfaciery

service in 2 hlgh resolulion ragar sysiem

£.2 On future procurements, the following improvemenss are

recomrnencded

{2) The QKES12:3 Amplitron meight can br reducsd by as much 23
5 ib. 2nd its form facior c2n be improrsd =itk resprct to wibra-
tion requiremenis 5y unilizing 2 new magoel design sirzlar to
teat of th. - KS1232

{d Some minor changes of the QKS1223 cooling fin geommetsy will
provide 2n improved product  Tre 2dditiozn of a fe= cooling fins
and the use of larger imtsr-fngaps is recommended.

{c} Minor revisions cf the Q¥S1252 interaction spacce design can
result in improved 2fficiency in 1221 st2ge to 30%.

{2} Replacem2nt of the present ¢ -type wavegzide flanges with
cever flange wozld provide cost recaction in adéitional tudes.

{c) in the event that guaniity deliveries of chains are anticipted the

setling ©p of. and providing of 2 preduciisn iine capadility for

these tabe types shoxid b2 considered.




T D IDENTIFICATION OF KEY TECHKNICAL PERSONNXEL

7 1 Toe QES1223/122% engineering program was under the general

direciten of Dr. H. Scharfman. Manager of Tngincering for the Microxave and

Poxer Tube Division and Mr. j. Skoxron. Manager of the Crossed-Field Ampi:ficr

Growp  Mr. % A Smrth, Enginterme Ssction Head,was responsible for specific

- <

am. Assisting in the tube dexzlopment mas 3ir. R, Manchesier

comduct of itke prog
Mr. D Fardack of the Mechanic2l oo Elecirica] Cornsuliing Saction. {uality
Assurance Department Of the Raytbeon Wayland laboratory provided cooling
analyses.




OPERATING INSTRUCTIONS - QKS1243/1244 WMPLIFIER CHAIN
ANXD
TEST DATA - CEAINS #2, 23 #2




TECHNICAL INFORMATION

RAYTHEON

CI=ATEn TERWCTICES

P g v mga m Bam  emems wemmows mmesewes
SESIBL3 5L ARTLITEIES THEAID

The QFS12837Ls implifier chain 3s comprises of Sy Ioliirosn™ ifudes sepazated
o7 a ferrite 3solator. It x313 zrodumce 2 peal sower oniznt of 306 kilowatis when
2n rf drive zower 2ot less then one Klouwali i3 zpplied io its Ingut ond It wAR
cover the freguency bard 9.52% Lo 2.8 Go witiguil nechamica? or eiectrical z3just-
=ent. Forced air cocoling is wtilized, The mevezuide fl2nges of Toth Apiitrom
trhes are desigrad to mate with WSE/Y cover fianges 2nd the waveguids fianges of
the ferrite isolator are designed 50 mate xith H-323/T choke flanges hawing itkedr
tzoped kRoles drilled for clezrance.

i

The ithes sacald be hendled Ty thedr masnels and not iie 3zmmi o culpmt
waveruides. then first unpzcred ¢ ‘Des and iscialor shouls ha evaxined for
possible mashaxical defecis uhich =7 3eve developed during shipment. IExtreue
care should be exsrcisesd in instotling the ithes Ix toe exdpment, Zor, aithough
2 ixhe?s appesrames muy crezte the Inpresszion of great sirocturet stresgth, mamy
of the intermal ccogwnents are dalizatx. The use of nen-uzgnetic bolts, oete,
washers 2nd tools will be recxired Swirg instaliaticm. Zach <be siowle be
ooumted so that its catiode axdis is notmally veriical.

Cooling ¢ the tudes will recuive szitddle cactuork to cofine the air civen-
lation and blowers ecuivaient to the following:

For the (E5323%: XTCMAY-3 Bigh sldp ramexxial fan with motor
FErIS(3L,4Ecps, 200 Telts) XHfr.: Dot

For the Q353233: MNAI-L.5-1C, p=—t ATA-8% Bigk <lip vaneaxial
fan (3.9,480cps, 200 tolts] Mfr.: Glche Imfustirdes

The positive yuise vollage comechion is nafe to the body of exszh tude wiich
shouid be groznded. In the case of the QEX1243 Mmplitron, negaiive volilege is
applied to ihe high woltage binging post at the extirexity of the cerzxic inprt
bosking. In the case of thae GES12LL Izmaliizan the bimdizg jost direciiy on the
axis of the ceracic impmt desioag is the cummon hexter—cathude coonecior and o=
binding post located off the axis of the busking Is tue cathede coanesior. Sare
stzuld e token in aifiring Lexds to the tthes te Jveid excessive terghe.

¥iradenmzrk of Rayiheon Socpasy

RAYTHEON COMPANY

RAYTHECN

MICROWAVE AND POWER TUSBE DIVISION
SSENCER LAB® ~ATORY
EURLINGTON, MASS. 8i3De

- o2 -




SOLATION

t is strongiy urges that smtadie ferrite isolaticn be rrovided between the
anliﬁer chzin ?-::l the TWT driver. Ouatpmt isolation will not be reguired if the
load ¥5:2 is less than l.3.

TUEE OPERATION.

¥hen first set up, befcre arplying heater mower or high voltage 1o the tubes,
rfdn"emers’:.ou.db&mLﬁaﬁztnnpsst*m@m-tubsmfmmly
a =221} loss. If, as 2 result of soze mishad, the vacuom within Lthe tube kas become
lost, the rf érive poxer will de absorbed witlin the ttbe and negligible rf
feed-throngh will De chiained. Under such circumstiances, ro heater or iish voltazes
should be applied.

Frehieat XL power =3y then be aoplied to ihe QISEY Aopiitron as fo2lows:
Er = 1.6 volts — I = 6.3 aups. A& 3-xSirzte warmap time is advwisead. Follovirng
..!-.e;z-e-aea.cynle ;zoﬁdiag.h-cwhngsys‘mnam,mghwltagewbe
arplied. It is recoamended thal this be done sec:.eu:ial.y, ab least unii
faili&itydthmmhnhﬂenob.aneé, sitehing on fivsl the QES12%L
arﬁcheckingforgzope:operzﬁxgworepmceeding. Failure {0 obtain stabie
oreration can mean either of two iidngs:

(a) spplied woltage is too Mgh
tb) voliage is heirg applied mior to the rf drive
sulse (trigger xisaligrment)

¥hen stable operation of the QESI2LL4 has been odlained, the QXS1243 may be
turned cne Snap on of both i{thes is peraissible provided that it immediately
results in stabie performanca-——if it does nol; the most likely cause of instadiiity
is either (a) or {b) above. Cperaticn of a iTobe in such a conditicn can cause
Irreparable damags to tha cathode. Thms, cwoder 00 conditions ahocis the Litdes be
cperated ir the zhsence of rf drive power. The »f drive pulae shooid cverdap the
Jmplitron mndalating sulse to rrovide rf érive before and thwronghout the Amplitrom
rlse. The anount of cwerlap is opticnal.

PESE COSDITINS

Fales conditions are given In the atlached test data. Operation under other
Klse conditions can resalt in damage to the Aoplityom if the deviation from the
Ziven cxditiors ie large.

PRESSIBTZAEE (A12)
The ingmt boshdng should be rressurized 2o 1i peia minimm. The cutsot waveguide

shonld be rressurized to 25 psia zirdmm. The Interstaze and Inmt wavepzide rurs
<hould be presswrizad o 14 psfa mirdme,

-i-3 -




Page 73

FImATION

Tre Q3512:i3/L% axplifier ckain, uhen rroperly mourted wiil withstand the
vibration conditions specified for Class I eguipment by MIL-Z-5409. Proper
mounting inclwdes £3rm support of all waveguide flanges, the isclator, the
Q51284 wdth 4 bolts and the QKSI2L3 with 2 Toils and 2 Lrackats, the latter
Froviding survort in a plane perpendicular to the plane of the bolts. Exytheon
i3l provide detailed mounting recommendsations upon raguest. :

FPROTECTION

The follwing guidelines are suggested.

(1) Interlock %o rrevent appl® -aticn of high voltage in the absence of
forced air coclirge.

(2) Control circuitry to prevent the application of high voltaga in the
abserce of adecuats rf crive.

(3) Spark zan %o zrevent inrut bualkirg btreakdown in the event of
overvoitage.

(1) Interiocks to prezent tube operation in the absence of proper
pressurizalion.

-1-4 -




QKS1243/1244 AMPLIFIER CHAIX

CENERAL INFORMATION

Weignis:
QKS1243 35.0 pounds
QKSiz244 8.5 pounds
IXH 23 2.1 pounds

Anode -Cathode Capacitance

QKS1243 13.6 upf
QKS1244 18. 4 ppf

1)




R

TEST DATA - QKS1243/:224 CHAIN

Aagust 21, 1964

Freg Avg. Power Phase
Mc Watts Mic. Rdg

9501 771 194
¢513 760 234.5
o324 743 227.5
29536 730 243.5
9347 722 254.0
9558 730 264 0
9570 735 262 5
9581 742 265 =
$593 754 265 2
9604 760 266.9
9616 770 T2
9628 780 2.3
9640 780 27. 5
9652 7890 222 5
9664 789 233. 2
9675 796 Z35.2
9587 802 2383.90
599 804 284.3

Corditions

poi =700 pps
QKSji243 - L 2.0 =3
QKS1244 -t =2.2 s

Phase Sansitivity
Degrzes/1% Al

#

4
-

Voltage

EAd

Current
ma

0.55° - QXS1245
0.04° - QIESI224

{

oliay

15.87
35.80

Wi res

w) A

L]
e N
(v}

8.25-1234
39.38-1233

8.0 ~ 1234
33.0 - 1243




TEST DATA - QKS1247/1244 CHAIN £2
August 21, 1964

Freq. Avg. Power Phase Phase Sensitirity Voltage Current
_Mc Watts Mic. Rdg Txgreesf/1% Ai 33
9501 368 305.3 §15.9 16.65-1242
i34.7 45.2 1243
9513 845 322.5
9524 814 325.5 0.34° - QKS1243
0.72° - QKS1244

9536 78} 342
9547 772 352
95538 755 355
9570 755 350
9581 785 353
9593 768 362
9604 773 364 {o.58° - axs1203
9616 781 368 )
9628 785 366
9640 781 370
9652 786 7%
9664 790 380
5675 793 381 (0. 47° - QKS1243

10. 30° - QKS1241
9687 789 385
9699 785 391.5 16.2 15.2-1244

{35 £ £1.8-1243
Conditions
prf = 146G pps .

QKS1243 ¢ = 2.0 s
QKSI244: =2.2 s




TEST DATA QKSi243/1244 CHAIN £3

Frec. Avg. Power Phase Pnase Sensitivity Voitage Currant
Xc Watts Mic. Rdeg Degreesf1% AS kV ma
9551 770 821 {1 _15 7.1 for 1243
37.1 36.5 for 1243
943 165 825
9323 762 826.5 (¢ 19° (QKS12449)
{o. £15%(QKS1223
9353% 752 828.5
9557 52 §35.5
@338 152 835.5
CITD F2R R33 5
9381 725 834
9393 738 839
$593 730 816 0. 39°(QKS 1224}
10- 48%(QKSL: * )
o515 728 819.5
c523 723 843.5
546 7i7 846.5
séa2 1% 846
%654 715 844
2575 753 211 j0. i2® (QKS1213)
{0. 56° (QKS1243)
2637 717 8s2 i
5559 703 257 f16.56 7.0 for 1234
377 35.0 for 123;
Coxditiens
ori = 700 pps

QKS1243 t_ = 2.0 ps
OKS1233 2, =2.2 us




TEST DATA QKS1243/1244 CHAIX 33

Treg. Avg. Powxer Pnase Phase Sensitivity  Voliage Current
e Wasts _Mic Rég Degrees/1% Al ¥ mA
9501 791 883 0.18° (QKS1224) (16. %1 12_5 for 1245
10- $35°IQKS1243) [36.0 3%.2 for 1243
9513 787 7
3524 784 889.5
9536 780 894.5
| 9547 772 899
| 9538 770 904
| - 9570 761 907
9381 753 939.5
9593 44 s12.5
9504 T 517 0. 26° (QKS1244)
{o. 72° (QKSi242)
A 9518 728 §i7.5
- 9528 728 916
9540 25 513.5
%5352 713 915
9664 72 918.5
9675 706 915.5
] 9587 698 ) 917
699 699 916.5  §0.22° (QKS:234) (16.65 12.0 for 1233
{o- 695°(QKS1243) |34.6 43.0 for 1242
Conditions
) prf = 1400 pas
QKS1243:_ =2.2gs
QKS1244 LI 2.2 zs
-19 .




TEST DATA QKS51243/1244 C3EAIN #2

Frec. Awg. Poxer Poase Phase Sensitivity Voltage Current
Mc Waus Mic. Rdg.  Degrees/1% Al xV mi
2301 828 817 (0.595° (QKS1244) 16.08 7.5 for 1244
11-27° (QKS1243) {36-7 37.5 for 1243
9313 835 825
9523 §30 831 0.53° (QKS172%)
{1.0" omSin-3)
9536 839 834
’ 9547 830 831 9. 545° (QXS1244)
0.93° (QKS1243)
G558 825 816
e 9570 825 85%
9581 825 860
9593 825 864
9504 825 873 0. 42° (QKS1244)
{o- 81° (QKS1243)
9516 820 874
9528 816 874
9540 812 833
o552 312 79
o564 805 885
2575 800 889
Y; 794 §92
2599 790 8% .35° (QKS1244) §16.35 7.0 for 1244
{o-'n" (QKS1243) }37.3 3£.0 fer 1243
Conditions
prf =700 pps
QKS1243¢_ =2.0ps
QKS1244t,=2.2 55
-1-10 -




TEST DATA QXS51223/1222 CEAIN #2

Freq. Avg. Powmer Thase Phass Seasitivity Voltage  Current
Mc Watts Mic Rdg. _Degrees/1hAd kY mA
3501 70 139 {o. 51: (QKS1244) {15.87 12.5 for 1233
3.50° (QKS1243) {35.7 24.6 for 3243
%313 856 172
9522 884 152
9535 855 192
9547 851 199
9588 850 238
9570 841 218
9581 838 226
G393 830 237.5
95¢14 828 240 {0-327 (QKSI244)
ll- 95° (QKS1243)
9516 825 244
5528 822 248
cz30 822 251
9532 812 257
5513 810 265
9575 799 270
e587 793 275
g599 780 283 { .35° (OKS1244) (16.23 12.0 for 1233
0.115%{QKS1243) |36.% 32.6 for 1243
Cerditians
prf = 1400 pps
QKS1243 1, = 2.0 s
QKSiz31 tp =2.2 gS
-1-11 -
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